We present six new radiocarbon-dated emergence curves that provide a detailed record of postglacial emergence of northern Novaya Zemlya and ages which constrain the emergence of Vaygach Island in the southern archipelago. Radiocarbon ages on Hiatella sp. from a lateral moraine in Russkaya Gavan' and abundances of foraminifea in a marine core from Nordenskiold Bay, 300 km south of our study area, indicate that coastal deglaciation occurred prior to ∼10,000 cal yr B.P. However, postglacial emergence commenced ∼7000 cal yr B.P., with stabilization of global sea level. The total emergence is 13-11 m above sea level (asl) with apparent uplift rates of 1-2 mm/yr for the past 2000 yr, indicating modest glacier loads (<1 km), early (>11,000 cal yr B.P.) deglaciation, or both. The isobase pattern, showing no east-west tilt across Novaya Zemlya, and offshore moraines suggest a separate ice-dispersal center over Novaya Zemlya for the later stages of the Late Weichselian glacial cycle and possibly earlier. C 2001 University of Washington.
INTRODUCTION
The ice sheet that developed in the European Arctic during the Late Weichselian (30,000-15,000 cal yr B.P.; marine oxygen isotope stage 2) grounded over much of the continental shelf (Solheim et al., 1990; Elverhøi et al., 1995; Gataullin et al., 1993; Polyak et al., 1995 Polyak et al., , 1997 . Postglacial isostatic uplift ensued with crust and mantle relaxation upon deglaciation, resulting in formation of raised shorelines around the Barents Sea. The pattern of postglacial emergence on Svalbard and Franz Josef Land ( Fig. 1) indicates maximum ice-sheet loading over eastern Svalbard and the central Barents Sea (Bondevik et al., 1995; Forman et al., 1995 Landvik et al., 1998) . The isostatic rebound enables reconstruction by earth rheology models of a 2+ km-thick ice sheet over the Barents Sea, assuming ice-sheet limits and a parabolic ice-sheet profile (Lambeck, 1995; Peltier, 1996) .
Recently produced ice-sheet models for the Late Weichselian depict a single large ice dome in the Barents Sea with ice flow extending over Novaya Zemlya into the Kara Sea (Lambeck, 1995 (Lambeck, , 1996 Peltier, 1996; Siegert et al., 1999) . The northern and northwestern extent of this ice sheet is fairly well known, with its margin on the outer continental shelf or slope (Mangerud et al., 1992; Lubinski et al., 1996; Polyak et al., 1997; Landvik et al., 1998, Forman and Ingolfsson, 2000) . The southern margin of the ice probably terminated in the Pechora Sea ( Fig. 1 ; e.g., Polyak et al., 2000) . The eastern continuation of the ice sheet remains unresolved, reflecting a paucity of glacial geological and relative sea-level measurements (Forman et al., 1999a; Svendsen et al., 1999) . Apparent sea levels have been traced on central Novaya Zemlya at 54 to 56 and 120 to 150 m asl (Grønlie, 1924; Nordenskjöld and Mecking, 1928; Lavrova, 1932) . Deposits with marine molluscs (Astarte borealis, Mya truncata, and Saxicava arctica) were encountered at elevations between 20 and 25 m asl in Krestov Bay on the Barents Sea coast and on Goltzovy Peninsula on the opposite coast (Lavrova, 1932) . These elevations, and interpretation of the Markhida Moraine as the Holocene ice-margin of the Barents Sea ice-sheet, lead to a reconstructed ice loading of 3+ km (Grosswald, 1980; Lambeck, 1993 Lambeck, , 1995 Lambeck, , 1996 Peltier, 1996) . Recent chronostratigraphic studies indicate that the Markhida Moraine is probably Middle or Early Weichselian in age and that the Late Weichselian ice limit lies offshore in the Barents Sea Polyak et al., 2000) . Dating of raised beaches on northwestern Novaya
FIG. 1. Reconstructed Late Weichselian ice-sheet limits for the Barents
and Kara seas based on field data (Polyak et al., 2000) and models (Lambeck, 1995 (Lambeck, , 1996 . The Markhida Line Forman et al., 1999b) indicates the limit of the last (early or middle Weichselain) ice advance from the Barents and Kara seas. Uplift isobases (in meters above present sea level) for 5000 cal yr B.P. and a set of prominent arcuate moraines are illustrated for the northern (Forman et al., 1995 and eastern (Gataullin and Polyak, 1997) Barents Sea, respectively. The 4-m isobase (southern Novaya Zemlya) and the southern extent of the 11-m isobase are inferred from Gronlie (1924) . A minimum limiting age for deglaciation of ∼13,000 cal yr B. P. was obtained from marine cores from the St. Anna Trough . The thin dotted line traces the 300-m bathymetric contour.
Zemlya in the 1990s demonstrates that the Holocene marine limit lies a magnitude lower at 10 to 11 m above high tide (aht) (Forman et al., 1995 (Forman et al., , 1999a . The age of this marine limit is constrained by radiocarbon ages on in situ driftage, with the oldest sample yielding an age range of 4570 to 4300 cal yr B.P. (GX-18291G) for a gravel beach at 8 m aht in Vilkitsky Bay. Extrapolation upward from the dated level suggests that the marine limit formed ∼6000 yr ago. This low and young marine limit indicates that Novaya Zemlya was at the thinning edge of the ice sheet (ice thickness <1000 m). This conclusion is inconsistent with the maximum models of Lambeck (1995 Lambeck ( , 1996 and Peltier (1995 Peltier ( , 1996 , which depict a thick combined Barents-Kara Sea ice sheet.
To refine our understanding of the Late Weichselian ice-sheet geometry in the Barents and Kara seas, postglacial emergence was assessed at five locations on the eastern and western coasts of northern Novaya Zemlya. Testing for potential east-west tilt is complicated by the relatively low marine limits and variable storm run-up indicated by the previous study, stressing the need for detailed emergence sequences from both coasts (Forman et al., 1999a) . Collection of emergence data in August and September 1998 was designed to maximize the distribution of sampling stations in an area spanning ∼150 km east to west and ∼125 km north to south ( Figs. 1 and 2 ). Our data, combined with previous results from Novaya Zemlya, provide new insight on the pattern of postglacial isostatic adjustment and Late Weichselian ice-sheet geometry.
METHODS
Postglacial emergence is the earth-rheological response to ice-sheet loading and unloading of the crust (Lambeck, 1993 (Lambeck, , 1995 . Maximum total emergence is the highest recognized raised shoreline (marine limit). Radiocarbon dating of driftage from raised beaches and measurement of corresponding elevations constrain an emergence history for studied forelands on northern Novaya Zemlya. Elevations are established in reference to the high-tide swash line and measured by a Leitz digital barometric altimeter with analytical precision of ± 0.1 m. Multiple measurements with two altimeters were averaged to account for atmospheric pressure variations, including those associated with wind gusts. Measurements achieved a reproducibility of ±0.5 m. Reported elevations are therefore rounded to the nearest 0.5 m (Tables 1-3) . Relief on the raised strandlines often varies by ∼0.5 m, and the maximum inferred uncertainty of landform elevations may range up to ±1 m.
Age control for raised shorelines is derived from radiocarbon dating of driftwood logs, whalebones, and marine shells. We preferably collected samples that were embedded in beach gravel, but when these were unavailable we used material found loose on the surface. Travel time of driftwood from Siberian source areas is <5 yr (Johansen, 1998) . This period is well within the error of the dating method, which may range up to ±100 cal yr. Whalebone is well preserved in arctic conditions and yields radiocarbon ages in agreement with those of driftwood collected from the same landform (Forman, 1990; Bondevik et al., 1995; Forman et al., , 1999a . The collagendominated gelatin fraction of the dense inner bone sections is dated after the contaminated outer surfaces of the whalebones are removed by saw. Four bone and two wood samples (Table 2) yield ages inconsistent with results from other samples at the same elevation and the trend of the emergence curves (Fig. 2) . These six samples were apparently displaced from their original elevations, by polar bear, storm surge, or human activity, and therefore are omitted from the emergence curves. Accelerator mass spectrometry (AMS) dating of marine shells from glacial diamicton provides ages that constrain timing of deglaciation. To compensate for the marine reservoir effect, 440 radiocarbon yr are subtracted from laboratory-reported radiocarbon ages on shell and whalebone (e.g,. Olsson, 1980; Stuiver and Braziunas, 1993; Forman and Polyak, 1997 Note. All elevations ±1 m. Calibrated ages are ranges at 1 sigma (Stuiver et al., 1998) . G after lab number indicates that the gelatine bone fraction was dated. a Assigned elevation of associated landform; elevation of sample is between brackets (see text). b Different beach in same area. (Forman et al., 1999) , west-central Novaya Zemlya (see Fig. 1 ). Boxes show the locations of Figs. 3, 5, 6, and 7. 1998). The emergence curves were plotted with the midpoints of the calibrated age ranges (1 sigma; Table 1 ). These midpoint values (cal yr B.P.) are used throughout the text.
MARINE LIMIT AND RELATIVE SEA-LEVEL RECORD

Kara Sea Coast
Cape Bismark and Cape Spory Navolok. The marine limit is marked in a bay south of Cape Bismark (northeastern Novaya Zemlya; Figs. 2 and 3) by a well-developed raised beach berm that varies in elevation between 12.5 and 13.5 m aht. The western end of the berm consists of rounded beach pebbles and terminates against frost-shattered, lichen-covered bedrock (Fig. 4a) . Driftwood collected immediately behind the berm and dated to 6170 cal yr B.P. (GX-25466; Table 1 ) provides a close limiting age on initial emergence (Fig. 5) . Two other samples collected behind the berm (NZ-55 and 57) yielded ages of 3500 cal yr B.P. (GX-25467) and 3730 cal yr B.P. (GX-24850) and probably were carried over the berm crest during more recent storm surges. The modern storm beach limit at Cape Bismark is 6.4 m aht, reflecting exposure of the bay to a predominately southeastern fetch.
The marine limit at Cape Spory Navolok, a headland projecting ∼4 km into the Kara Sea 15 km south of Cape Bismark, is a distinct wave-abraded escarpment at 7 to 11 m aht (Zeeberg, 1997; Forman et al., 1999a) . A diamicton above this escarpment at 12 ± 1 m aht is unwashed. Previously, a driftwood log (5540 cal yr B.P.) was retrieved at Cape Spory Navolok by M. G. Grosswald (Forman et al., 1995) . The emergence curve and marine limit ≤13 m asl for nearby Cape Bismark indicate that the elevation of 18 ± 2 m aht estimated for this log is too high. Consequently, this sample has been assigned an elevation of 12 m.
FIG. 3. Sampling locations and geology at Cape Bismark (Eks Bay).
Cape Zhelaniya. The marine limit in the Cape Zhelaniya area lies between a 10.5-m-high berm crest southwest of Cape Mavriki (Fig. 6 ) and an unwashed diamicton at 13 m aht. The storm beach limit at Cape Zhelaniya is ∼1.5 m, indicating low wave run-up. Cape Zhelaniya is a ∼500-to-200-m-wide promontory protruding ∼1.5 km into the Kara Sea. The pattern of postglacial emergence for the Cape Zhelaniya area is constrained by samples from Cape Mavriki (NZ-6 and NZ-16), Cape Serebryannikov (NZ-10), and a sequence in the ∼600-mwide bay east of Cape Mavriki (Fig. 6) . A heavy driftwood root section provides the oldest (4950 cal yr B.P.; GX-25459) and highest (7.1 m aht) sample (NZ-6; Table 1 ). The wood was collected from rounded cobbles on a bedrock notch, indicating a washing limit at 9.5 m aht at the base of a soliflucting escarpment.
There is a possible washing level above the Holocene marine limit (≤13 m) between 20 and 30 m aht. These older marine shoreline features include notches eroded into bedrock at Cape Mavriki and prominent horizontal, beachlike platforms at ∼24 m asl at Cape Zhelaniya. Similar platforms were observed at the Orange Islands, ∼25 km to the northwest of Cape Zhelaniya.
Barents Sea Coast
Ivanov Bay. The marine limit at Ivanov Bay is marked by a prominent raised berm that infills a 2-km-wide valley of up to 13.5 m aht (Figs. 7 and 4b) . Skeletal remains of a beached whale scattered over this berm at 11.5 and 12 m aht yielded ages of 7300 cal yr B.P. (GX-24843) and 7470 cal yr B.P. (GX-24844), providing the oldest age constraint for the marine limit on northern Novaya Zemlya (Table 1 ). The highest raised beach at the foot of the berm at 8.8 m aht is dated to 4110 cal yr B.P. (GX-25464). Modern wood was encountered up to 4.3 m aht in Ivanov Bay and on Cape Varnek. Driftage at both locations included German sea mines from September 1942 (Woodman, 1994) at 2 m aht, indicating low storm surge activity in the past ∼60 yr.
Cape Medvezhy. A detailed record of emergence was established on a 4-km-long stretch immediately southwest of Cape Medvezhy (Fig. 2) . This area is exposed to Barents Sea storm surges, resulting in maximum storm run-up of 6 m aht in stream valleys. Driftwood associated with the modern 4-m-high storm ridge encroaches onto the slightly lower fossil beach (Fig. 5) . Subfossil driftwood partly buried in this surface at 3.8 m aht yielded an age of 360 cal yr B.P. (GX-24858; Table 1 ), indicating little to no effective emergence in the past ∼400 yr. The raised beach sequence terminates against a ∼5-m-high escarpment, and the highest discernable raised beach was found at 10.5 m aht (Figs. 5 and 8) . A driftwood log at 10.3 m aht behind this ridge yielded an age of 4620 cal yr B.P. (GX-24864) . Two kilometers to the south of this location a regressional littoral fill was found deposited against the escarpment. The fill extends to 12 m aht, and marks the marine limit for this area.
Russkaya Gavan'. Russkaya Gavan' (Russian Harbor) is a 10-km-long by 5-km-wide fjord that has a north-south orientation (Fig. 2) . The emergence sequence was established on a ∼400-m-long beach in a 2-km-wide bay that is separated from the main fjord by a promontory (Fig. 2) . The storm beach is <2 m high. A series of raised beaches descends from a welldefined raised berm at 11.5 to 12.5 m aht, which is cut by a meltwater stream draining a valley that parallels the Shokal'ski Glacier. The marine limit is indicated by a clear contact between rounded pebbles and bedrock covered by a thin (<0.5 m) diamicton, containing angular, poorly sorted clasts. Subfossil driftwood is found between 2 and 4 m aht but is rarer at higher elevations. The highest retrieved driftage is a 2-m-long log at 6.5 m aht, which yielded an age of 4680 cal yr B.P. (GX-24857; Table 1 , Fig. 2 ). The general scarcity of driftwood and a low-elevation storm beach probably reflect the bay's sheltered topography and position to Barents Sea storm run-up.
A pronounced bedrock notch at ∼23 m on the promontory north of the polar station at Russkaya Gavan' possibly indicates a pre-Holocene washing limit. This level appears to be similar to the pre-Holocene levels found at Cape Mavriiki, Cape Zhelaniya, and the Orange Islands.
Vaygach Island. The Vaygach marine limit was studied in summer, 2000, around Cape Bolvansky and Cape Diakanova, the northern and southernmost capes respectively of this 100-km-long island. The marine limit coincides with the modern storm beach at ∼2 m asl. Radiocarbon ages on weathered, probably in situ driftwood collected among modern, sawn logs on Cape Bolvansky indicate little (<2 m) relative sea-level change in the past ∼six centuries (Table 1) .
FIG. 5. Sampling locations and geology near Cape Zhelaniya.
DISCUSSION
Evidence for Late Weichselian Ice Cover and Incursion of the Sea
On north Novaya Zemlya, little geological evidence exists for the presence of an ice sheet during the Late Weichselian and subsequent deglacial period. The bedrock of the investigated areas consists of low-grade metamorphosed, mostly finegrained, Permian sandstone (Badyukov, 1997) . Its intense foliation and vertical tilt make a brittle surface that does not preserve striation. Coastal areas were inspected to about 1 km inland and are irregularly covered by a veneer of drift <0.5 m thick. The drift contains striated clasts, indicating a glacial origin. Two Hiatella arctica fragments from a diamicton blanketing coastal areas near Cape Zhelaniya yielded ages of >40,000 and >43,000 14 C yr B.P. (Fig. 6 , Table 3 ). The drift is thus constrained between ∼7000 cal yr (marine limit) and >40,000 cal yr (shells in diamicton), and it may be Late Weichselian in age, as inferred for a similar diamicton in Nordenskiold Bay (Forman et al., 1999) . Retreat of outlet glaciers from the outer coast of northwestern Novaya Zemlya was complete by the earliest Holocene. Hiatella arctica fragments (PL-9900871A, AA-36289; Table 3) collected from the lateral moraine of the Shokal'ski Glacier indicate that prior to ∼9500 cal yr B.P. the glacier terminus was >1 km behind the present margin, allowing incursion of the sea. Subsequently, the glacier advanced and incorporated shells into its lateral moraine. Similarly, a minimum limiting age of ∼10,200 cal yr B.P. for deglaciation of coastal areas is implied from foraminifer abundance levels in a marine core from the mouth of Nordenskiold Bay, 100 km south of Russkaya Gavan' (A-102; Forman et al., 1999a) .
Postglacial Emergence and Uplift
The marine limit formed on northern Novaya Zemlya between 7500 and 6000 cal yr B.P. (Fig. 2, Table 1 ), when global (Zeeberg and Forman, 2001 ). These channels are partly covered by a diamiction with striated clasts, which likely was deposited as lodgement or melt-out till, and are associated with Late Weichselian proglacial or subglacial drainage. Striped pattern indicates an ice-cored moraine.
sea level was stabilizing (Kidson, 1982; Fairbanks, 1989; Bard et al., 1996) . All sites show little apparent emergence, with raised landforms at identical heights to storm beaches during the past 2000 yr (Fig. 5) . The course of this modest uplift can be mathematically represented by a negative exponential function, reflecting earth's viscous response to unloading (after initial elastic relaxation of the crust) with backflow of displaced mantle material (Andrews, 1968; Cathles, 1975) . First-order estimates of isostatic uplift on Novaya Zemlya are calculated directly from our age-height diagrams, because the relative sea-level records began only after the stabilization of global sea level and show continual emergence [Uplift = Remnant Uplift (e kt )] (Andrews, 1968; .
The emergence curves for northern Novaya Zemlya (Fig. 2 ) indicate an average upliftrate of ∼0.5 mm/yr at present and ∼2.5 mm/yr between 6000 and 5000 cal yr B.P. However, a 35-yr-long tide gauge record from polar station Russkaya Gavan' yields modern uplift rates of 2 mm/year for northern Novaya Zemlya (Emery and Aubrey, 1991) . The lower value indicated by the emergence curves probably reflects the influence of wave run-up, which tends to redeposit driftage near the storm beach limit. The emergence record was thus "leveled" during the past ∼4000 yr, when the uplift rates were low (<2.5 mm/yr). Therefore, the uplift rates of 0.5 mm/yr and half-lives of 3500 yr for the past ∼4000 yr are artifacts of the fitted exponential curve. Actual half-lives are probably shorter, falling between 2300 and 3500 yr (Fig. 2) .
The current uplift rates of <1 to 2 mm/yr for Novaya Zemlya resemble calculated uplift rates of <0.7 to 2 mm/yr for portions of southwestern Svalbard, Franz Josef Land, and southwest Norway (Svendsen and Mangerud, 1987; Mangerud et al., 1992; . Uplift half-lives [t 1/2 = ln 2 (k −1 )] for these regions and northern Canada are approximately 2200 yr (Andrews, 1968; Bakkelid, 1986; Dyke et al., 1991; . At northern Novaya Zemlya, three or four halflives of 2300 to 3500 yr have passed since deglaciation of the coast at ∼10,000 cal yr B.P. This suggests that northern Novaya Zemlya is at or close to isostatic equilibrium, consistent with the low modern uplift rates indicated by the emergence curves.
Deglaciation and Ice Load
Ice retreat from coastal areas of northwestern Novaya Zemlya is constrained by the 9300 and 9700 cal yr B.P. shell ages from Ruskaya Gavan' and a basal age of 10,200 cal yr B.P. on a marine core from Nordenskiold Bay (Table 3; Forman et al., 1999a) . Initial retreat of outlet glaciers on Novaya Zemlya prior to 10,200 cal yr B.P. is potentially coincident with cessation of glacial marine deposition in northern and eastern Barents Sea cores at ∼10,000 cal yr B.P. and the onset of postglacial emergence on Franz Josef Land and eastern Svalbard at ∼10,300 cal yr B.P. (e.g., Forman et al., 1995 , Bondevik et al., 1995 Lubinski et al., 1996; Landvik et al., 1998; Polyak et al., 1995 Polyak et al., , 2000 . Older minimum limiting deglacial ages of ∼13,000 cal yr B.P. have been obtained on marine cores from the deep (water depths >450 m) troughs in the northern shelf margin of the Barents Sea, indicating initial decay of the Barents Sea ice sheet (Lubinski et al., 1996; Polyak et al., 1997; Hald et al., 1999) .
Early Holocene uplift, prior to formation of the marine limit (∼7000 cal yr B.P.), is extrapolated from the relative sea-level record. Calculated uplift rates of 5 to 6 mm/yr between 10,000 and 7000 cal yr B.P. indicate that during this period ∼15 to 20 m of uplift occurred, compared with ∼40 m of global sea-level rise (Kidson, 1982; Fairbanks, 1989; Bard et al., 1996) . Thus, it is inferred that sea-level rise outpaced uplift, implying a transgression until cessation of global sea-level rise ∼7000 to 6000 cal yr B.P. Isostatic rebound dominated postglacial eustatic sea-level rise after ∼7000 cal yr B.P., resulting in the formation of the marine limit and regression to the present shore. Novaya Zemlya's uniformly low (12 ± 1 m) marine limit is similar to those found in southwestern Scandinavia (Svendsen and Mangerud, 1987) and on northwestern and southern Svalbard at the thinning edge of the Barents Sea ice sheet (Forman, 1990; Ziaja and Salvigsen, 1995; Forman and Ingolfsson, 2000) . Based on these studies and assuming a comparable rheological response to unloading, Novaya Zemlya's low Holocene marine-limit and current uplift rates of ∼1 to 2 mm/yr reflect a Late Weichselian ice load of <1000 m (Lambeck, 1995 (Lambeck, , 1996 Peltier, 1996) .
Isobase Pattern
Since 5000 cal yr B.P., isostatic uplift of northern Novaya Zemlya is 11 ± 1 m on the eastern (capes Bismark and Spory Navolok) and the western coasts (Ivanov Bay and Cape Medvezhy) . Lower uplift values of 7 ± 1 m over the same interval at Cape Zhelaniya and Russkaya Gavan' are probably due to low wave run-up in those areas that resulted in driftwood deposition at lower elevations (Fig. 2) . In the Nordenskiold-Vilkitsky area, 300 km south of our northern study area, isostatic uplift since 5000 cal yr B.P. is 11 ± 1 m, suggesting that the isobase pattern runs parallel to the Novaya Zemlya coastline. Furthermore, the similarity of uplift on Cape Medvezhy and Cape Bismark, areas with comparable storm run-up on opposite sides of the island, suggests little differential uplift across the ∼80 km width of Novaya Zemlya (i.e., no east-west tilt). No Late Weichselian or Holocene raised marine sediments occur along the coastlines of northern Russia and southwestern Yamal Forman et al., 1999a) . This observation and the absence of Holocene raised beaches on northernmost Vaygach Island imply that the line of zero-emergence runs immediately south and east of Novaya Zemlya (Fig. 1) .
The prevalence of apparent washing levels at a number of sites at ∼24 m asl on northern Novaya Zemlya suggests that pre-Late Weichselian ice-sheet loading occurred in this region. These northern levels are probably related to raised beach deposits between 20 m and at least 36 m asl in Nordenskiold Bay, ∼175 km to the southwest, which have been interpreted to reflect ice loading by an Early or Middle Weichselian ice sheet (Forman et al., 1999a) . Evidence for earlier glacial events is better delineated on the Eurasian mainland. Marginal formations in northern Russia (Markhida Line) and western Siberia indicate ice-sheet advance from the Barents and Kara seas onto the mainland during the Early or Middle Weichselian (Astakhov, 1998; Mangerud et al., 1999; Svendsen et al., 1999) . A diamicton formed during the last glacial advance from the southern Kara Sea onto the Yamal Peninsula is constrained by 14 C and optically stimulated luminescence (OSL) ages of >26,000 cal yr B.P. and >55,000 cal FIG. 9. Schematic reconstruction of the ice-sheet geometry for the Barents and Kara seas for the later stages of the Late Weichselian glacial cycle and possibly earlier. This reconstruction is based on the untilted isobase pattern for Novaya Zemlya (uplift isobases since 5000 cal yr B.P.) and offshore marine studies (P = Polyak et al., 1997 (P = Polyak et al., , 2000 ; compare with Fig. 1 ). The Scandinavian ice-sheet limit is taken from Svendsen et al. (1999) . The Middle-or Early Weichselian terminus is from Mangerud et al. (1999) . Arrows indicate inferred directions of ice flow. Line X-Y refers to the ice-sheet profile in Fig. 10 . The 0 and 11 lines are isobases. yr B.P. and considered Early Weichselian (60,000-80,000 cal yr B.P.) in age (Forman et al., 1999b) .
A Satellitic Ice Dome?
The untilted, 5000 cal yr B.P. isobase of Novaya Zemlya runs parallel to the northern island, implying uniform loading across Lambeck (1995 Lambeck ( , 1996 , assuming deglaciation around 10,000 cal yr B.P. and a homogeneous rheological response to unloading throughout the Barents Sea region. The "maximum" configuration postulated by Grosswald (1980 Grosswald ( , 1998 and the "minimum" configuration of Lambeck (1995) are also shown. its ∼1000-m-high mountains. This plateau may have supported an independent ice-dispersal center during the decay phase of the Barents Sea ice dome. Radial flow from Novaya Zemlya is indicated by parallel recessional moraines in the northern and eastern Barents Sea seen in seismic sections and sidescan-sonar images (Gataullin and Polyak, 1997; Polyak et al., 1997) . These moraines, although undated, are fresh looking and probably indicate the ice configuration of a separate Novaya Zemlya ice cap near the end of the Late Weichselian glacial cycle and possibly earlier.
The first-order dimensions of the Late Weichselian Barents Sea ice sheet are indicated by the maximum uplift pattern in the northwestern Barents Sea, and the position of moraines on the shelf edge north of Spitsbergen and around Bear Island (Elverhøi et al., 1995; Forman and Ingolfsson, 2000; Salvigsen and Slettemark, 1995) . These constraints imply an ice dome with a radius of ∼500 km (Figs. 9 and 10) . We believe that its eastern limit probably terminated in the eastern Barents Sea. Eastward ice flow likely followed the topography, with major ice streams descending into the St. Anna Trough and spreading into the southern Barents Sea (Polyak et al., , 2000 Siegert et al., 1999) . The ice dome drained to the southwest with an ice stream into the Bear Island Trough. Eastward ice flow from the Barents Sea dome toward Novaya Zemlya would have to overcome accelerated flow into the St. Anna Trough and then overtop Novaya Zemlya's steep and high (1000-m) topography. Mountains and plateaus of Novaya Zemlya, therefore, may have sustained a satellitic ice dome during the last glacial maximum. Thus, future ice-sheet modeling for the Barents and Kara Sea region should incorporate ice streams and separate ice-dispersal centers to enhance understanding of atmosphere-ocean-ice sheet interactions in the Eurasian north (c.f. Lambeck, 1995; Forman and Ingolfsson, 2000) . CONCLUSIONS 1. The Holocene marine limit follows the western and eastern coasts of northern Novaya Zemlya between 10.5 and 13.5 m aht. It occurs either as an escarpment in metamorphosed finegrained Permian sandstone or as a constructional gravel berm in bay settings.
2. Hiatella arctica fragments from the lateral moraine of the Shokal'ski Glacier, Russkaya Gavan', yielded ages of 9400 and 9700 cal yr B.P. The shells indicate incursion of the sea and glacier retreat of >1 km behind the present margin by the earliest Holocene. These dates are minimum ages for the deglaciation of the coast of Novaya Zemlya and are consistent with findings in a marine core in the mouth of Nordenskiold Bay, 175 km to the south.
3. Radiocarbon-dated emergence curves demonstrate the formation of a low (<13.5 m aht) marine limit on northern Novaya Zemlya between 7500 and 6000 cal yr B.P. Late Weichselian ice thickness was probably <1000 m at the present shoreline based on (a) earth rheological modeling of nearby regions with comparable low rates of emergence (<2 mm/yr) for the past 2000 yr; (b) a low and young marine limit; and (c) deglaciation prior to 10,000-9000 cal yr B.P. (Lambeck, 1995 (Lambeck, , 1996 .
4. The 5000 cal yr B.P. uplift isobase runs parallel to the ∼1000-m-high mountain range in northern Novaya Zemlya. The isobase shows no preferential east-west tilt across the island. This uniform pattern and the geometry of recessional moraines off of Novaya Zemlya and in the St. Anna Trough suggest that Novaya Zemlya supported a satellitic ice cap separate from the Barents Sea ice dome during the later phases of the Late Weichselian glaciation, if not earlier.
5. There is a paucity of glacial geologic evidence for icesheet cover on northern Novaya Zemlya during the Late Weichselian and subsequent deglaciation. A Late Weichselian origin is inferred for a diamicton blanketing coastal areas near Cape Zhelaniya. Hiatella arctica fragments taken from this diamicton yielded minimum limiting ages of >40,000 yr 14 C B.P.
6. An earlier and larger glacial event is implied by faint but ubiquitous washing levels between 20 and 30 m asl in northern Novaya Zemlya and raised marine sediments at similar elevations in Nordenskiold (Forman et al., 1999) and Krestov bays (Lavrova 1932) .
